Aims/hypothesis Patients with end-stage kidney disease (ESKD) and patients with diabetes mellitus experience higher mortality rates than the general population. Whether ESKD imparts the same excess in mortality risk for those with diabetes as it does for those without diabetes is unknown. Methods Included in the study were all white patients aged ≥25 years with incident ESKD and type 2 diabetes (n=4,141) or with incident ESKD but without diabetes (n=13,289) in Australia from 1991 to 2005, and all the individuals aged ≥25 years without ESKD and with type 2 diabetes (n= 909) or without ESKD without diabetes (n=10,302) enrolled in the AusDiab Study-a nationwide Australian representative cohort-from 1999 to 2005. Excess mortality was analysed in patients with ESKD by diabetes status, using age-, sex-and diabetes-status-specific standardised mortality ratios (SMRs) in the first 8 years after first renal replacement therapy among ANZDATA patients relative to AusDiab participants. Results The SMRs in patients with ESKD were, in nondiabetic patients and in those with type 2 diabetes, respectively: 14.2 (95% CI 13.9-14.6) and 10.8 (95% CI 10.4-11.2) (p<0.01); in people aged <60 years, 28.7 (95% CI 27.2-30.4) and 18.6 (95% CI 17.1-20.4) (p<0.01); in people aged ≥60 years, 12.5 (95% CI 12.1-12.9) vs 9.7 (95% CI 9.3-10.1) (p<0.01); in men, 11.0 (95% CI 10.7-11.4) vs 8.9 (95% CI 8.4-9.3) (p<0.01); and in women, 23.4 (95% CI 22.5-24.3) vs 16.2 (95% CI 15.2-17.3) (p<0.01). Conclusions/interpretation ESKD was associated with a greater relative increase in mortality in the non-diabetic study populations than in the type 2 diabetes population. Excess mortality was greater among younger people and women.
Introduction
End-stage kidney disease (ESKD) is associated with an excess mortality compared with the age-and sex-matched general population [1] . An analysis of French patients with incident ESKD reported a standardised mortality ratio (SMR) for that group compared with the general population [2] . In that study, the excess mortality associated with ESKD was higher in patients with diabetic nephropathy than in those with other causes of kidney failure [2] . However, whether ESKD imparts the same relative mortality risk among those with diabetes as it does for those without diabetes is unknown, because that study did not take into account the diabetic status of the non-ESKD reference population [2] .
In Australia, the availability of a national treated ESKD Registry (ANZDATA Registry) [3] and mortality rates from a large, population-based cohort study (Australian Diabetes, Obesity and Lifestyle [AusDiab] Study) [4] , allowed us to examine mortality rates for Australian patients with ESKD by the presence or absence of type 2 diabetes, and calculate age-, sex-and diabetes-specific SMRs.
Methods
The study was approved by the ANZDATA review board and was carried out in accordance with the Declaration of Helsinki (revised 2000) of the World Medical Association.
Mortality rates in the Australian population The AusDiab Study is a nationally representative cohort study of 11,247 non-institutionalised adults aged >25 years conducted in 1999-2000 in Australia [4] . Participants were predominantly white (92.9%). The proportions of participants with type 1 diabetes, type 2 diabetes and without diabetes were 0.3%, 8.1% and 91.6%, respectively. The 5 year follow-up of AusDiab participants provided population-based 1 year mortality rates in Australia by age band, sex and diabetic status [4] .
Australian ESKD patients Data from the ANZDATA Registry were used to calculate mortality rates in Australian patients with incident ESKD [3] . We restricted the ESKD population to all white patients aged >25 years who began chronic dialysis in Australia from 1 April 1991 to 31 December 2005. Patients with type 1 diabetes and ESKD were excluded as the number in the AusDiab population was too small to calculate a mortality rate. Demographic, clinical data and comorbid conditions were prospectively collected at the start of dialysis [3] . Patients were followed until they died or 31 December 2005 [3] .
Standardised mortality ratio Age-, sex-and diabetesstatus-specific SMR with 95% confidence intervals among ESKD groups were computed using standard methods [5] . SMRs were computed for type 2 diabetic and non-diabetic ESKD patients against corresponding non-ESKD AusDiab groups. To ensure sufficient statistical power, we limited the analysis to the first 8 years of replacement renal therapy (RRT) (>50 remaining patients in all ESKD patient subgroups for each year).
In the ESKD patient groups, we observed the number of deaths (O Deaths ) annually from the first RRT, conditional on survival to that year. The expected number of deaths (E Deaths ) was derived from the 1 year mortality rates from the AusDiab Study, matched for age band (25-34, 35-44, 45-54, 55-64, 65-74, 75-84, and ≥85 years), sex and diabetic status.
E Deaths was the sum of expected numbers of deaths for each stratum of interest. The SMR was the ratio of O Deaths to E Deaths [5] .
When the SMR heterogeneity test [5] over years after first RRT did not reach statistical significance, we presented a single SMR for the 8 year period. Otherwise, we presented the SMR separately for each year.
Comparison of SMR between patient subgroups was performed with the χ 2 test [5] , stratified by age band and sex, and computed annually from first RRT using the Mantel-Haenszel method.
All statistical analyses were performed with S-PLUS 6.0 Software Professional Release 2 (Insightful, Seattle, WA, USA). p values <0.05 were considered statistically significant.
Results
Characteristics of type 2 diabetic and non-diabetic ESKD and AusDiab populations Participants with type 2 diabetes and ESKD were older, and more likely to be male and to have comorbid conditions than the non-diabetic patients with ESKD (Table 1 ). The overall crude 1 year mortality rate was twofold higher in type 2 diabetic than in nondiabetic patients with ESKD (Table 2 ).
In the reference population (AusDiab), the mean estimated GFRs (eGFRs) were over 60 ml min
and mean urine protein/creatinine ratios (uPCRs) were within the normal range (<249 mg/mmol) in both groups (Table 3) . Type 2 diabetic patients were older, more likely to be male and to have a history of cardiovascular disease (CVD) than those without diabetes, and they had lower mean eGFRs and higher uPCRs than non-diabetic participants ( Table 3 ). The overall crude 1 year mortality rate was fivefold higher in type 2 diabetic AusDiab participants than in non-diabetic AusDiab participants (Table 4) .
Excess mortality associated with ESKD After adjusting for age and sex, the SMR was significantly higher in nondiabetic than in type 2 diabetic patients with ESKD: 14.2 (95% CI 13.9-14.6) compared with 10.8 (95% CI 10.4-11.2), respectively (p<0.01). When the analysis was restricted to type 2 diabetic patients with diabetic nephropathy (n=2,627, 63.4%), the SMR was 11.5 (95% CI 10.9-12.1) (not significantly different from the SMR in all type 2 diabetic individuals). 3) (p<0.01). In both groups, the SMRs were higher in patients aged <60 years than in patients aged ≥60 years (p<0.01) and in women than in men (p<0.01). When the analyses were restricted to type 2 diabetic patients with diabetic nephropathy, the results were not significantly changed (data not shown).
Impact of age and sex on excess mortality

Discussion
The excess relative mortality associated with ESKD was greater in non-diabetic individuals (mortality risk increased ×14) than in those with type 2 diabetes (risk ×10) when compared with the non-ESKD population with the same diabetes status, although patients with type 2 diabetes and ESKD had a mean absolute overall mortality twofold higher than that of non-diabetic patients with ESKD [6, 7] . Restricting the analyses to type 2 diabetes patients with diabetic nephropathy did not change the results. The difference in the relative impact of ESKD on individuals with and without type 2 diabetes was not accounted for by differences in the age and sex structures of the groups. However, there are a number of possible explanations. People who develop ESKD have survived a period of chronic kidney disease and other competing risks of death-if these risks were higher among type 2 diabetic than non-diabetic patients, a bias may be introduced. Differences in the prevalence of CVD and the associated mortality between patients with ESKD and the general population by diabetes status are likely to exist: in the US Medicare population aged ≥65 years, the prevalence of peripheral vascular disease was 3.4-fold higher in nondiabetic patients with chronic kidney disease (CKD) than in those without CKD (32.0% vs 9.6%) but was only 2.1-fold higher in diabetic patients with CKD than in those without CKD (38.6% vs 18.0%) [8] . This may confound the diabetes association. Unfortunately, differences in CVD recording methods between the studied cohorts did not allow stratifying analyses by CVD status [3, 4] .
The relative mortality among ESKD groups decreased with increasing age, regardless of diabetic status. This is explained in part by very low mortality rates in the younger population without ESKD, leading to a larger 'health gap' between populations with and without ESKD in younger compared with older participants [2] . The SMRs were higher in women as well: mortality rates were similar between the sexes in those with ESKD, but lower in women without ESKD-that is, the female survival advantage seen in the general population was lost in ESKD patients [2] .
Our study has limitations. In the AusDiab population, the overall mortality rate was 6.1 per 1,000 person-years [4] . We assumed that the 1 year mortality rates from the AusDiab Study were stable over the 1999-2005 period and applicable to the 1991-2005 period. However, national death rates from the Australian Bureau of Statistics for the Australian population aged >25 years were nine to ten per 1,000 person-years between 1991 and 2005 [9] . This gap reflects the inclusion of a variety of groups in the population-based figures that were excluded from the AusDiab Study. Institutionalised individuals and indigenous people were not included when the AusDiab population was constituted [4] . However, the use of SMR based on a nationally representative cohort without the studied disease may be more accurate than one based on the general population, which will include people with a variety of other chronic diseases leading to an underestimation of excess mortality due to a specific disease [10] . Some bias may remain-the AusDiab population included 7.1% of non-white participants and we were not able to exclude them from this cohort. We excluded the one-quarter of patients with incident ESKD in Australia who were nonwhite [6] . Although an imbalance in type 2 diabetes prevalence between cohorts by race will introduce bias, this will be limited by the small proportion of non-white members of the AusDiab cohort. At least, the SMR method assessed excess mortality adjusted for a limited number of mortality risks (usually, age and sex) [5] . In our study, comparisons between subgroups should take into account that SMRs were adjusted only for age, sex and diabetic status.
In conclusion, patients with type 2 diabetes and ESKD have an overall higher absolute mortality risk but, when comparing patients with ESKD with a reference non-ESKD population with the corresponding diabetes status, ESKD was associated with a greater excess mortality in nondiabetic individuals than in those with type 2 diabetes. This effect varied with age and sex and may be due to differential cardiovascular risk gaps between patients with and without ESKD in type 2 diabetic and non-diabetic populations. These results underline that the risk for death was increased more than tenfold for the population reaching ESKD.
